Background: Sulfur mustard (SM), well known as the mustard gas, when contacts the skin can cause stern blisters and causes systemic toxicity as well, affects eyes, skin, and respiratory tract. Till now, exact therapy to counteract SM-induced systemic toxicity has not been developed yet. SM-induced toxicity can be reduced by cellular glutathione replenishment. Plant flavonoids, for example, quercetin and gossypin possess antioxidant, radical scavenging activity. Employing this attribute, quercetin-loaded Eudragit microspheres were fabricated to enhance the oral bioavailability of the quercetin. Materials and Methods: Drug-loaded microspheres were prepared using emulsion-solvent diffusion method. Results and Discussion: Particles so obtained were within the micrometer range (48.25 ± 2.01-100.40 ± 3.01 µm for QM1 to QM10 batches). Fourier transform infrared spectra indicated no drug-polymer interaction whereas differential scanning calorimetry thermograms revealed the absence of crystalline drug in the drug-loaded microsphere formulation. Scanning electron micrographs showed that the fabricated microspheres were spherical in shape. Batch QM3 displayed 73% encapsulation efficiency with highest in vitro drug release rate (98%). Bioavailability studies showed that quercetin loaded Eudragit S100 microspheres were able to enhance the oral bioavailability of the drug. As per stability studies, the developed formulation was stable when tested under accelerated stability conditions. Conclusion: The fabricated quercetin-loaded Eudragit S100 microspheres were able to enhance the bioavailability of the drug in the serum of the animal model.
INTRODUCTION

S
ulfur mustard (SM) familiarly known as mustard gas is an alkylating agent that causes severe blisters on contact with the skin. [1] SM has also been used as a chemical warfare agent in many occurrences. [2] SM forms ions in the body and alkylates deoxyribonucleic acid (DNA) leading to DNA strand breaks and cell bereavement. [3] SM-induced toxicity mostly affects eyes, skin, and respiratory tract. [4, 5] Much attention has been focused to develop pharmacological strategies to counter the toxic effects of SM. These studies included preventing or reversing the SM alkylated critical cell targets, improve calcium regulation, and protect cellmediated biochemical disruptions. [6] [7] [8] Many drug compounds have exhibited promising prophylactic as well as therapeutic protection in vitro, their in vivo efficiency is yet to be proven. [9, 10] SM toxicity can be lessened by replenishing cellular glutathione. Glutathione, cysteine, and other endogenous thiols can reduce toxic effects of SM in vitro. [11] Yet, their in vivo efficacy has not been documented till now.
Quercetin
(3,3',4',5,7-pentahydroxyflavone) (a plant flavonoid) has been reported to have radical scavenging, antioxidant and anticarcinogenic activity and is helpful in the recovery of n-diethyl nitrosamineinduced carcinogenesis, [12, 13] human leukemia cell, [14] RESEARCH ARTICLE streptozotocin-induced diabetes, [15] chronic renal failure, and reactive oxygen species induced DNA damage. [16] Quercetin and other flavonoids have been shown to modify eicosanoid biosynthesis (anti-prostanoid and antiinflammatory responses), protect low-density lipoprotein from oxidation (prevent atherosclerotic plaque formation), prevent platelet aggregation (antithrombic effects), and promote relaxation of cardiovascular smooth muscle (antihypertensive and antiarrhythmic effects). Though having above mentioned benefits, quercetin possesses fewer drawbacks also like that of poor aqueous solubility, poor absorption and low bioavailability (1-5%). [17] [18] [19] [20] Recently, microspheres have drawn great attention due to their excellent efficiency in prolonging the half-life of the drug and improving oral bioavailability of the drug in vivo by controlling the release rate of the drug from the microspheres. [21] [22] [23] [24] Microspheres can also offer advantages such as limiting fluctuation within the therapeutic range, reducing side effects, decreasing dosing frequency, and improving patient compliance. [25, 26] Eudragit polymers are series of acrylate and methacrylate polymers available in different ionic forms. Various grades of Eudragit are insoluble in aqueous media, but they are permeable, and both have pH-independent release profiles, Eudragit S100 is soluble at physiological pH.
Recently, dosage forms that can precisely control the release rates and target drugs to a specific body site have made an enormous impact in the formulation and development of novel drug delivery systems. Microspheres form an important part of such novel drug delivery systems. [27] [28] [29] They have varied applications and are prepared using assorted polymers. [30] Thus, it is proposed to fabricate quercetin loaded Eudragit microsphere to enhance the oral bioavailability of the selected model drug against SM.
MATERIALS AND METHODS
Materials
Quercetin dihydrate was acquired from DRDE, Gwalior, India, Eudragit S100 was purchased from Evonik Industries, Mumbai, India. All other solvents used were of analytical grade and purchased from Merck Limited, Mumbai, India.
Methods
Quercetin loaded Eudragit microspheres were prepared by the method reported by Kawashima et al. with slight modification.
[31] Different rations of Eudragit S100 and quercetin dihydrate were dissolved in dimethyl sulfoxide [ Table 1 ]. The organic phase (10 ml) was poured into 500 ml of water containing various concentrations of polyvinyl alcohol (hot) under mechanical stirring with four-blade propellers for 2 h at 1600 rpm to evaporate the solvent. After evaporation of the solvent, microspheres were collected by filtration and washed 3 times with double distilled water. The collected microspheres were dried at room temperature for 12 h and were stored in desiccator. 10 formulations were developed accordingly to the conditions listed in Table 1 .
Particle size, shape, and surface morphology
The fabricated microspheres particle size and size distribution were measured using zetasizer (Nano series, Malvern Instruments, England). The prepared drug-loaded microspheres were dispersed in distilled water by sonication and vortexed for 30 s, and the resulting homogenized suspension was analyzed for average particle size, polydispersity index, and zeta potential using the zetasizer. Qualitative assessment of shape and surface morphology of the developed formulations was observed through scanning electron microscopy (SEM) by sprinkling particles on one side the adhesive stub which was then coated with conductive gold through an autocoater and was examined under SEM, LEO-430, UK.
Drug-excipient interaction and thermogravimetric analysis
Possible chemical interactions between the drug and polymer in the microsphere formulation can be investigated by analyzing the infrared (IR) spectra. For this, samples of the formulations were crushed with potassium bromide, and pellets were formed. The spectra of quercetin, Eudragit, placebo microspheres, and drugloaded microspheres were recorded in the range of 4000-400 cm −1 using Perkin-Elmer, BX-II series, UK. Thermal behavior of the drug and polymer and the behavior of the drug in the fabricated microspheres was determined employing differential scanning calorimetry (DSC). Thermal analysis was performed using DSC-60, Shimadzu, Japan. Samples were placed into aluminum containers and heated in a temperature range of 20-400°C under nitrogen gas flow by applying minimum pressure, an empty aluminum pan was used as a reference.
Percentage encapsulation efficiency
Percentage encapsulation efficiency of the quercetin loaded microspheres was determined by Vortexing 10 mg of microspheres dissolved in 25 ml of dichloromethane for 10 min. Ethyl alcohol was added, and Vortexing was carried for another 5 min followed by centrifugation at a speed of 3000 rpm for 10 min to allow settling of the polymer as a precipitate. The supernatant containing drug was diluted by ethanol and absorbance was measured at 370 nm by ultraviolet (UV) spectrophotometer (Shimadzu 1800, Japan). Drug loading and encapsulation of the microspheres were calculated by the following formula: [32] % Entrapment efficiency Practical drug content
In vitro drug release studies
Quercetin release from the microspheres was determined in 900 ml phosphate buffer saline (pH 7.4) using USP XXIII dissolution apparatus (paddle type). A weighed amount of quercetin-loaded microspheres equivalent to 50 mg of drug was kept in a non-reacting cloth having smaller mesh size than the microspheres and tied with a nylon thread to evade any seepage of the microspheres. A glass bead was placed in the mesh along with the formulation to induce sinking of the microspheres in the dissolution medium which was maintained at 37°C ± 0.5°C. At specific time intervals, 5 ml aliquots were withdrawn, diluted with the same medium and the concentration of quercetin was determined using UV double beam spectrophotometer (Shimadzu, UV-1800 series, Japan) at 370 nm. [33] Oral bioavailability studies
To assess the oral bioavailability of quercetin, plain drug, and drug-loaded microspheres were subjected to animal studies. 9 female Swiss albino mice weighing 25-30 g were selected, divided into three groups with 3 animals in each group and were housed in propylene cages under standard storage conditions, supplied with unlimited food and water. The animal experiment has approval from the IAEC and CPCSEA with approval number 891/AC/05/CPCSEA. Food and water supply was withheld before 2 h of the commencement of the experiments. Quercetin (plain drug) was dissolved in polyethylene glycol-400 to minimize the lethal action of the SM. Quercetin loaded microspheres were administered through per oral route. The experimental design and dosing of the formulations are divided as given below: Group I: Received a single dose of SM (19.1 mg/kg) through percutaneous route. Group II: Received quercetin (plain drug: 200 mg/kg) through peroral route. Group III: Received quercetin loaded microspheres (at a drug dose of 200 mg/kg) through peroral route.
The blood samples (0.4-0.5 ml) were collected on making an incision at the tip of the tail at the intervals up to 480 min into Eppendorf tubes containing heparin to prevent coagulation. The collected blood samples were then coagulated, plasma was separated by centrifugation (RM12C DX Microcentrifuge, Remi Electronics Ltd., India) at 10000 rpm for 15 min. Serum samples were analyzed spectrophotometrically (Shimadzu-1800, Japan) to assess the drug concentration in serum and plasma concentration-time response curves were plotted. [34] 
Stability studies
To assess the stability of drug as well as formulation, stability studies were conducted following the WHO guidelines. [35] The fabricated batches were stored at 25 ± 2°C/60 ± 5% relative humidity (RH) and under accelerated storage conditions (40 ± 2°C/75 ± 5% RH) for a period of 6 months and all the sample batches were analyzed for any deviation in particle size, % entrapment efficiency and in vitro drug release.
RESULTS AND DISCUSSION
Formulation development, particle size, and surface morphology analysis
An increase in the polymer concentration leads to the increase in the particle size which is evident in Table 1 . The particle size increases due to the increase in viscosity leading to increase in the emulsion droplet size ultimately leading to increase in the particle size of the microsphere. [36] This increase in size can also be attributed to the diminished shearing efficiency at the high concentration of the polymer. From the size distribution pattern of the fabricated microspheres, it can be concluded that Eudragit S100 concentration in higher amounts promoted the development of a homogeneous formulation.
The pdi was in the range of 0.078 ± 0.014-0.099 ± 0.023 and suggested a monodisperse size distribution. Stirring speed at 1000 rpm resulted in optimum particle sized microspheres (QM3, 60.89 ± 1.91 µm) with high entrapment efficiency of 73.48 ± 1.77% but at further higher speeds, snags such as drug leaching (low entrapment of 61.02 ± 1.02% for QM8) and particle agglomeration occurred resulted in increased particle size.
From scanning electron photomicrographs, it can be assessed that the drug-loaded microspheres (QM3) possesses a discrete, rough, spherical surface due to the crystal of the drug attached on the surface of the microspheres leading to the rapid release of the drug [ Figure 1 ].
Drug-excipient interaction studies
Fourier transform IR (FTIR) analysis
From the FTIR spectra [ Figure 2 ], one can confirm the chemical stability of the drug in a formulation, here, the IR spectra of quercetin exhibited a broadened phenolic −OH band at 3407/cm, −CO stretching at 1670/cm, an aromatic bending and stretching about at 1100 and 1600/cm, and a − OH phenolic bending about at 1200 and 1400/cm. IR spectra of Eudragit S-100 showed a characteristic peak at 1731/cm. A small peak of quercetin −CO stretching at 1670/cm can be observed around the characteristic peak of Eudragit around 1730/cm thus concluding with the FTIR analysis, it can be inferred that the main characteristic peaks of quercetin were extant in the entire microspheres which established its presence without any interaction with the excipients.
DSC analysis
The physical state of the drug in polymer matrix ascertains it release characteristics; this feature can be adjudged with DSC analysis about the nature and interaction of the encapsulated drug in the matrix of the polymer. Quercetin as a pure drug showed a sharp endothermic peak at 318°C and a broad endothermic peak for dehydration from 101 to 108°C. Eudragit S-100 exhibited two endothermic peaks at 81.79°C and 230°C whereas the physical mixture of the drug and polymer showed a reduced peak intensity of quercetin in the mix from 318°C to 310°C. Quercetin loaded Eudragit S-100 microspheres showed a characteristic melting peak for Eudragit at 93°C, possibly due to the dilution effect of the amorphous polymer, the peak for the drug was not protuberant due to the dispersion of the drug in the microspheres indicative of the absence of any crystalline form of the drug [ Figure 3 ].
Percentage encapsulation efficiency
Percentage encapsulation efficiency of the quercetin loaded microspheres is summarized in Table 1 according to which it can be summed that the formulation QM3 (1:3 ratio) showed 73% entrapment of the drug which was the best among all the prepared batches. The entrapment efficiency recorded a decline after QM3 batch, reason for which can be the saturation effect of the polymer and different stirring rate due to which drug might have leached out consequently lowering the encapsulation efficiency of the fabricated microspheres. [37] In vitro release
The drug release from the quercetin loaded microspheres is presented in Figure 4 , according to which the drug release from the microspheres recorded a retarding rate when the polymer concentration is increased, which might be due to the formation of rigid polymer matrix at higher polymer concentration which leads to low polymer dissolution thus causing a slower drug release from the microspheres. QM3 exhibited a better drug release profile (98.76 ± 1.04%) at a drug-polymer ratio of 1:3 and a stirring rate of 1000 rpm.
Oral bioavailability studies
The oral bioavailability of quercetin in QM3 was assessed and was compared with the bioavailability of the pure drug. C max of quercetin in the microspheres was found to be 0.21 µg/ml, and for control formulation, it was 0.055 µg/ml. T max for test and control formulation was 4 h. It is evident from Figure 5 that the oral absorption of quercetin increases when loaded with the microspheres. Area under the first moment curve and area under the zero moment curve was 3.9 µg.h/L and 0.050 µg.h/L, respectively, with a mean residence time of 4.5 h [ Table 2 ].
Stability studies
A slight increase in particle size (from 60.89 ± 1.91 µm to 69.71 ± 1.43 µm) was observed in the selected QM3 batch when tested for stability under accelerated storage conditions mainly due to the aggregation of particles. A decline in the % entrapment efficiency was evident in the selected batch (73-61%) due to the drug leaching out the microspheres.
In vitro drug release studies [ Figure 6 ] showed that there were no significant changes in the drug release from the drug-loaded microspheres (QM3 initial batch showed a drug release of 98.76 ± 1.04%, QM3 after 3 months of storage showed a drug release of 98.45 ± 1.08%, and QM3 after 6 months of storage showed a drug release of 98.23 ± 2.01%).
Thus, from the stability studies, the fabricated microspheres can be rendered stable under the testing conditions.
CONCLUSION
From the study discussed above, it can be concluded that the fabricated quercetin microspheres can be used as a useful source to counteract SM-induced toxicity. Eudragit based microspheres showed an excellent drug release profile releasing drug up to 99% with an optimum particle size of 60.89 ± 1.91 µm for the selected batch QM3.
There was no drug-polymer interaction as revealed from the FTIR studies. DSC analysis claims that the drug was completely assimilated in the polymer in the formulation and no crystalline form was present. Drug entrapment was 73% for a formulation which has 1:3 drug-polymer ratio and was further selected for oral bioavailability studies. Eudragit S100 based microspheres enhanced the oral bioavailability of the drug which is confirmed by the results obtained. Stability studies rendered quercetin loaded Eudragit microspheres stable when evaluated for particle size, drug entrapment and in vitro drug release. Future perspective of the study indicates to assess the antioxidant, and protective value of quercetin-loaded Eudragit microspheres against SM-induced systemic toxicity. 
